A b s t r a c t. In this paper the possible interdependence between bilateral exchange rate behavior and the corresponding stock indices is checked, with application to the EURPLN rate and the DAX and WIG20 stock indices. Methods and results are similar to previous study of USDPLN exchange rate, and SP500 and WIG20 indices. 
Introduction
The results presented here are part of the research aimed at detecting interdependencies between bilateral exchange rates and stock indices of the corresponding two countries, while possible influence of the crisis is taken into account. The idea of improvement of the exchange rate model by use of the stock indices from the corresponding two countries has been suggested by the model of the Norwegian krona, and used with success in the previous research by the author. In Syczewska (2010 Syczewska ( , 2013 Syczewska ( , 2014 this method and the Granger linear causality tests were applied to the USD/PLN daily data and two indices -one from the Warsaw Stock Exchange, the other representing the U.S. stock indices. It was shown that forecast errors from the ARIMA and GARCH models diminished when the stock indices were included in the model as additional explanatory variables (see also Matuszewska and Witkowska (2007) for comparison to other methods of forecasting).
In Syczewska (2013) research it was shown that it is possible to find a stationary relationship between the USDPLN exchange rate and the U.S. and Polish stock indices. As the U.S. stock exchange opens before the closing time of the Warsaw Stock Exchange, it was decided to use opening values of the S&P500 stock index and the closing values both for the USDPLN exchange rate and for the WIG stock index. There was a linear combination of the three variables, for which hypothesis of nonstationarity had to be rejected.
In this paper we first perform the Granger causality tests for the EURPLN exchange rate and two stock indices: DAX and WIG20. We check whether the stock-index returns Granger-cause the relative changes of the exchange rate. To this aim we use both the Granger test and the Granger test of instantaneous causality 1 . To take into account possible effects of the crisis, we perform the causality tests and the estimation exercise for two subsamples: up to Sept. 15th 2008 ("before crisis") and since Sept. 16th 2008 ("during crisis"). Next we apply to the same variables the Diks-Panchenko causality test, which is assumed to detect also nonlinear causality.
We use daily data provided by stooq.pl, choose the period since the beginning of May 2004 (corresponding to the EU accession) up to beginning of October 2013. In Syczewska (2010) behavior of rates and quality of modeling was compared for two subperiods: before (up to September 2008) and during crisis (up to end of July 2009), showing that 2 : 1. Volatility of returns, hence errors of forecasts from the ARMA and GARCH models of returns, hugely increased during the crisis. 2. Introduction of corresponding stock indices returns slightly improved performance of the models and forecasts.
The Polish economy performance during the crisis was better than for the other European economies. The current condition of the German economy (the main trade partner of Poland) and expectations of future development give hope for further improvement. The EURPLN exchange rate is important for the economic analysis due to the proportion of transactions made in Euro.
Description of the Data
We use daily data since 4th May 2004 (the EU accession) until September 2008 and from September 2008 until the September 2013 for the indices and exchange rates, and for the sake of comparison we perform the tests to the data from the first period ("before the crisis"), and the second period ("during the crisis") starting in mid-September 2008, with the same number of observations as the first one 3 . As a measure of returns we use the standard formula:
where t y -closing values of an instrument, and also logarithm of proportion of daily maximum and minimum:
as a measure of variance/volatility (Brooks, 2008) . Figure 1 shows a typical behavior of the DAX index returns: there is a marked increase of volatility during the 2008-09 crisis, later slight stabilization and again increase of volatility due to problems of the Euro zone. Figure 2 illustrates measure of volatility of the same stock index defined by equation (2). There is a marked increase in volatility during the subprime crisis and subsequent global crisis on financial markets. Next, in the year 2009, the situation seems to slightly stabilize, but later due to the problems in the Euro area, volatility increases again. The summary statistics in the Tables 1 and 2 , corresponding to the "precrisis" and "crisis" periods, show that the distribution of the logarithmic returns and returns (2) are skewed, which has to be expected. The results of the Doornik-Hansen test show that the empirical distribution of all the variables is non-Gaussian. Note that the empirical distribution of volatility, rDAX etc. defined by eqn. (2), is more skewed than the distribution of logarithmic returns for the same instrument. Table 2 gives a measure of this increase, computed as a relative change of standard deviations for the second as com-pared to the first subsample. The increase is close to 25% for the WIG20 returns, and around 70% for the EURPLN exchange rate and the DAX index. The volatility (2) increases are even higher, by 60% for WIG20, almost 100% for the DAX index and almost 130% for the EURPLN exchange rate. 
The Granger Causality Test
The Granger test of the Granger causality, applied to the returns of the exchange rate and the corresponding stock indices, can be treated as a tool for choice of explanatory variables in the model for exchange rates. According to the well-known definition, a variable is called a Granger-cause for a variable , if lagged values of used as additional regressors in a model describing can improve quality of model and/or forecasts 4 . There are several tests of this property. Let denote observation of the variable for period , , 1,2, … , -lagged observations for the same variable, , 0,1,2, … , -current and lagged values of , , , 1,2, … , , 0,1,2, … , -parameters of the model, -error terms. The Granger test of Granger causality is based on VAR -type regressions (regression of Y on its lagged values and the same lags of the X variable):
The null H 0 : 0 ... 1 12 11
means that the does not Granger-cause the Y variable. Another variant is so-called instantaneous causality: the regression includes current value of the variable:
The null H 0 :
in (4) means that is not an instantaneous cause for . 
. The results of this test for both periods are given in Table 4 .
In case of pre-crisis period, the null of no causality was not rejected, for data covering the crisis period, only in one case -namely the causality from the EURPLN exchange rate returns to the WIG20 stock index returns, the null of causality has not been rejected (see Table 3 ). The results of the linear Granger instantaneous causality test are different. The null hypothesis of lack of causality has been rejected in all the cases (see Table 4 ). The similar computations of the linear Granger test have been repeated using the volatility measure (2) instead of the log returns. Before the crisis the linear test indicates causal relation only from volatility of WIG20 to one of the DAX stock index (and we would expect the influence to work the other way round). During the crisis the null hypothesis of lack of causality is rejected for all pairs of instruments with exception of rDAX to rEURPLN and to rWIG20 (see Table 5 ). The results of the instantaneous causality test before the crisis are in better agreement with the intuition. There is a strong influence from rDAX to the exchange rate, weaker from rWIG20 to rEURPLN, and feedback between the two stock indices (see the second column of the Table 6 ). Last column of the same Table shows results indicating strong feedback between all pairs of variables.
The Diks-Panchenko Causality Test
The improved version of nonlinear Hiemstra-Jones test was introduced by Diks and Panchenko (2006 
where l X , l Y denote numbers of lags of the variables and , respectively. The Diks-Panchenko test is an improved version of the Hiemstra-Jones test, based on comparison of the conditional distributions 5 . Diks and Panchenko use one lag for the variables and the
and assume that X and Y are strictly stationary variables. The null hypothesis of lack of causality means that the conditional distribution of Z with respect to Y and X is the same as the conditional distribution of Z with respect to Y alone. The joint distribution and the marginal distributions are described by the formula
. Diks and Panchenko (2006) show some deficiencies of the Hiemstra and Jones approximation of both sides of this formula, and propose their own versions: the null hypothesis of lack of causality implies that
denotes a positive weights function, e.g. for
Under the null, the expression in parentheses is equal to zero, hence (5) is equal to zero. The null of no causality is rejected if the test statistic is high. Diks and Panchenko (2006) advocate use for (5) of the following estimator based on index function
where: 
The Results of the Diks-Panchenko Test
In our computations we assume 0.5 bandwidth, and we compute the n T statistic for one lag. The results are the following (see Table 7 ). During the crisis, the null of lack of causality is strongly rejected for all pairs of variables. For period [2004] [2005] [2006] [2007] [2008] , "before the crisis", the test does not indicate causal relationship for logarithmic returns, with only exception of ldDAX  ldWIG20 influence (the upper part of the Table 7 ). In case of our volatility measure, the n T test statistic indicates feedback between rDAX and rWIG20, and some influence from rWIG20 towards rEURPLN (the lower part of the Table 7 ), all at 10%. 
Conclusions
The results of the two approaches for testing the Granger causality, presented here for a daily closing values of the EURPLN exchange rate and the two corresponding stock indices -one for Germany as representing the Euro zone (DAX), the other for Poland (WIG20) -seem to be influenced by period and the method of testing. Economic intuition and previous results concerning similar analysis for the USDPLN exchange rate and the two representative indices for the U.S. and the Polish stock exchange suggested that the global crisis have changed the direction and strength of the causal relationship for the logarithmic returns, as measured by the linear Granger test of the Granger causality. There were differences in lack or presence of G-causality between the analysed pairs of variables, and seeming increase of the U.S. data influence during the crisis (perhaps a reflection of temporal changes in capital flows in the global economy).
Here, for the EURPLN exchange rate and the DAX and WIG20 stock index, we note much higher homogeneity of results -lack of causality before crisis, overall presence of two-side causality during the crisis -when the tests are applied to the volatility measure (2). Both the linear Granger test and the nonlinear Diks-Panchenko test give similar results (see Table 5 and the lower part of the Table 7) .
Results of the linear Granger test for the logarithmic returns are different: this version of the test does not reject lack of linear causal relationship neither before the crisis nor during the crisis (see Table 3 ) with one exception of Granger-causality from the EURPLN towards WIG20 during the crisis. The Diks-Panchenko nonlinear test, on the other hand, does not reject lack of causality before the crisis, but strongly rejects it during the crisis (see upper part of the Table 7) .
Additional computations for the instantaneous causality in the linear framework show that there is a feedback between all pairs of logarithmic returns and indicate Granger causality also for the volatility measure, even before the crisis (see Table 4 and 6). The possible explanation of this difference between (lagged) causality test and instantaneous causality test merits further attention -perhaps partial explanation could be based on possible analysis of efficiency of the markets, as it seems that changes in returns and volatility seem to influence the other instrument at once, on the same day. The future research can also take into account indirect influence of other variables (e.g., the U.S. indices) on causal relationship between the two European instruments.
